In cats with permanently implanted catheters in the lumbar epidural space, the typical responses to the epidural administration of lignocaine and amethocaine were a flaccid paralysis of the hind limbs and a block of the flexion reflex. The responses to periodic injections of lignocaine were consistent up to fourteen weeks after surgery. The effects of lignocaine were enhanced (1) when the total dose was increased from 7.5 to 37.5 mg, (2) when the pH of the injection solution was increased from 3.4 to 7.5, and (3) in the presence of adrenaline 1:100,000. Amethocaine was distinctly more potent and more toxic than lignocaine. Although the criteria for measuring the responses in the cat and in man differ, it is concluded that epidural anaesthesia in the two species is remarkably similar.
Numerous methods are presently used to study the relative effectiveness of potential local anaesthetic agents in animals. Infiltration anaesthesia is most widely studied in guineapigs following intracutaneous injection (Bulbring and Wajda, 1945) , topical anaesthesia is evaluated in rabbits utilizing corneal application (Sollman, 1918) , and conduction anaesthesia is routinely investigated in guineapigs or rats by the injection of drugs into the area of the sciatic nerve (Shackell, 1935; Truant, 1958) . In addition, electrophysiological techniques have been developed on isolated peripheral nerve trunks to study the intrinsic potency of local anaesthetics (Gasser and Erlanger, 1929; Mauro, Truant and McCawley, 1948) . Although acute epidural anaesthesia in animals has been reported (Catterberg and Insausti, 1964; Sechzer, 1965; Truant, 1965) , there is a paucity of information concerning the systematic evaluation of drugs administered by this route. Accordingly, a technique for permanently implanting a catheter into the epidural space of the cat was developed. This species was found to be very useful because of its convenient size and relatively accessible epidural space. Its inherently active behaviour also facilitated evaluation of impaired motor function.
This report describes (1) the implantation of a catheter in the epidural space of the cat; (2) the responses to the epidural administration of lignocaine; (3) the effects of pH and adrenaline on the responses to lignocaine; and (4) a comparison of the responses to the epidural administration of lignocaine and amethocaine.
METHODS AND MATERIALS

Epidural catheter implantation.
Adult cats were lightly anaesthetized with either thiopentone sodium (25 mg/kg i.v.) followed by 1 per cent halothane in the inspired air or with pentobarbitone sodium (30 mg/kg i.p.). The lumbar and cervical areas were then prepared for surgery, which was performed under sterile conditions. An incision was made in the skin from the 4th to the 6th lumbar vertebrae. The underlying tissues were separated by blunt dissection and retracted to expose the dorsal aspect of the 5th vertebra. With a sharp instrument, a hole about 1.0 mm in diameter was then made through the lamina close to the midline. Penetration of the underlying ligamentum flavum was usually detectable by a sudden change in resistance signifying entry into the epidural space. Care was taken not to injure the dura mater. A special catheter was previously prepared by attaching a polyethylene tubing (o.d. 1.09 mm) to either end of a 27-gauge (Duro-Cartridge) dental needle.* One end of the tubing, which extended 1.5 cm beyond the needle, was gently threaded caudad through the opening in the lamina. The needle was then secured to the spinous process by silk sutures. Uninterrupted catheters, employed more recently, were made by heat bonding a small polyethylene flange 1.5 cm from the tip of the catheter; this flange was used for attaching the catheter to the spine rather than incorporating the needle for this purpose. The remaining tubing (30-40 cm) was passed loosely under the skin and exteriorized at the nape of the neck. The catheter was flushed with 0.3 ml of physiological saline, checked for leakage and heat sealed. The wound was then closed and a special collar was sutured to the skin of the neck to incorporate the excess tubing. The collar was made by opening one of the bells on an ordinary cat collar and drilling a hole in its attaching rivet. The exteriorized catheter was inserted through the hole and taped to the bell ( fig. 1 ).
* Ransom & Randolph Co.. Toledo, Ohio, U.S.A.
Testing procedure.
Thirty-five adult cats of either sex were used in the present experiments. The animals were allowed to recover from surgery for at least 3 days and experiments were usually performed for the next several weeks. Whenever a comparison of drugs, dosages, or formulations was made, the cats were tested in the morning and in the afternoon of each day with the order of drug administration being varied. The catheter was flushed with 0.2-0.3 ml of saline at least 1 hour before each injection. With the cat held in a sitting position, the drug was injected over a period of 50 seconds. The catheter was then heat sealed and the cat placed on the floor. Careful observations were made for the onset of hind limb paralysis, block of the flexion reflex, and systemic effects. The legs were considered paralyzed when they could no longer support their share of the weight of the hind quarters. The criterion of recovery was the ability of the cat to remain standing after being placed in a standing position. Every 30 seconds after the onset of paralysis the hind paws were subjected to firm manual pressure. When this stimulus failed to elicit a withdrawal response, the flexion reflex was considered blocked. The duration of this block was determined by pressing the paws every 5 minutes until the reflex returned. If the response to a drug was unilateral, the values were recorded for the affected leg. When both limbs were paralyzed or the flexion reflex was blocked bilaterally, the mean value was taken as representative of the response. The incidence of blockade, in percent, was calculated from the number of hind limbs blocked and the total number of hind limbs.
Drugs.
The drugs used were lignocaine (Xylocaine), hydrochloride (pH 6.5-6.8), lignocaine (Xylocaine) hydrochloride with adrenaline 1:100,000 (pH 3.3-5.5), and amethocaine hydrochloride (pH 3.5-6.0). Commercially available solutions were employed whenever possible. Other solutions were prepared on the day of the experiment. All doses of lignocaine and amethocaine were calculated as the hydrochloride. In studies with varying pH, the pH of the lignocaine solutions was adjusted by the addition of sodium hydroxide or hydrochloric acid.
Statistical analysis.
The data were analyzed for statistical significance using procedures described by Siegel (1956) . Differences were considered significant when P<0.05; other values were considered not significant (NS).
RESULTS
Technical considerations.
Placement of the epidural catheter was well tolerated by the cats and they were ambulatory within a few hours of the operation. No deaths occurred in the immediate postoperative periods. One cat was sacrificed 5 weeks after surgery because of an infection involving the subcutaneous portion of the catheter. In the remaining cats eventual malfunction of the catheters was due to dislodgement by the cat, blockage and/or leakage at the catheter-needle junction.
Postmortem examinations were performed on a separate series of nine cats to confirm the placement of the epidural catheter. The tip of all catheters was located in the epidural space beneath the 6th lumbar vertebra in the dorsal or lateral position. The autopsies were made on various days after implantation and after several experiments had been performed. The responses of these cats to epidural administration of 20 mg of lignocaine hydrochloride had been apparently unrelated to the dorsal or lateral orientation of the catheter tip. Thus small differences in the position of the catheter tip were not important. Fibrogranulation tissue was noted around many of the catheter tips but no inflammation of the spinal cord or other gross abnormality of the catheterization site was observed.
Effects of lignocaine.
The injection of 7.5-37.5 mg lignocaine hydrochloride into the lumber epidural space of the cat resulted initially in a flaccid paralysis of the hind limbs with a marked inability to support the weight of the inferior aspect of the body ( fig. 2 ).
FIG. 2
Cat with polyethylene catheter implanted in the lumbar peridural space before (above) and after (below) a peridural injection of 30 mg of lignocaine hydrochloride.
After the higher doses of lignocaine, this hind limb paralysis was often followed by a failure to withdraw the hind limbs in response to manual pressure, signifying a block of the flexion reflex. Recovery of the flexion reflex always preceded recovery from the hind limb paralysis.
Consistency of responses.
The reproducibility of the responses to lignocaine administered in the morning and in the afternoon of the same day was studied in nine cats. The results of these experiments, in which 20 mg of lignocaine hydrochloride was used, are summarized in table I. Complete hind limb paralysis invariably occurred following this dose together with the blockade of the flexion reflex in one-third to one-half of the hind limbs. There were no statistically significant differences between the values of the responses observed in the morning and in the afternoon.
To determine the consistency of the responses over periods of several weeks, four cats were given 30 mg of lignocaine hydrochloride on various days after implantation of the epidural catheter. The results of the experiments are shown in table n. This dose caused bilateral hind limb paralysis in each animal on each occasion. The flexion reflex was blocked in five or six of the eight hind limbs on each occasion. There were no statistically significant differences among these responses. Thus, the responses to lignocaine did not vary over the first 10-14 weeks after surgery.
Changes in volume.
Table III summarizes experiments in which seven cats were given epidural injections of 1.0, 1.5, 2.0, and 2.5 ml of 1.5 per cent lignocaine hydrochloride (total doses of 15.0-37.5 mg). All of these doses caused complete hind limb paralysis. As the volume of the injection was increased, there was a significant decrease in the time of onset and a significant increase in the duration of the paralysis. At the same time, there was a significant increase in the incidence of flexion reflex blockade with a significant decrease in the time of onset of the blockade and a significant increase in its duration.
Changes in concentration.
Table IV summarizes experiments in which another group of seven cats was given 1.5 ml of 0.5, 1.0, and 2.0 per cent lignocaine hydrochloride (total doses of 7.5-30.0 mg). The lowest dose caused hind limb paralysis in only some of the animals, while the two highest doses caused complete paralysis in all animals. As the concentration was increased, the onset time of paralysis decreased and the duration increased. Blockade of the flexion reflex occurred in some limbs after the highest dose.
Changes in pH.
Experiments were performed in four cats to evaluate the responses to epidural injections of 1 and 2 per cent lignocaine hydrochloride solutions at pH 3.4, pH 5.6, and pH 7.5. As the alkalinity of the solutions was raised, some of the responses were slightly enhanced. Increasing the pH of the 1 per cent solution led to a significant decrease in the onset of hind limb paralysis and a small but insignificant increase in duration. An increase in the pH of the 2 per cent solutions caused an insignificant decrease in latency and a significant increase in the duration of hind limb paralysis. At the same time blockade of the flexion reflex was not significantly influenced by alterations in the pH of these solutions (table V) .
Effect of adrenaline.
In one series of experiments cats were treated with lignocaine hydrochloride at concentrations of 0.25, 0.50, 1.0, or 2.0 per cent, with and without adrenaline 1:100,000. The presence of adrenaline in the 0.25 and 0.50 per cent solutions significantly increased the incidence of hind limb paralysis while all of the higher concentrations completely paralyzed the hind limbs. Adrenaline significantly prolonged the duration of this paralysis when administered with each of the concentrations of lignocaine. A significant decrease in the latency of this response to lignocaine by adrenaline was not consistently observed. The addition of adrenaline significantly increased the incidence and duration of flexion reflex blockade with the 1.0 and 2.0 per cent lignocaine solutions. This reflex was not altered by any of the lower concentrations. The onset of the block of the flexion reflex following 1.0 per cent lignocaine was significantly shortened by adrenaline while it was unaltered by the presence of adrenaline in the 2.0 per cent solutions (table VI) .
Comparison of lignocaine with ameihocaine.
Four cats were treated on separate occasions with 1.5 ml of 0.25, 0.50, and 1.0 per cent lignocaine hydrochloride or amethocaine hydrochloride. As can be seen in table VII, similar concentrations of amethocaine were consistently more potent than lignocaine. In addition, toxicity was observed in all cats following administration of 1 per cent amethocaine, while no side effects occurred after lignocaine in the concentrations employed after 1.5 ml of 1.0 per cent amethocaine, all four animals exhibited severe depression, mydriasis, and convulsions. In addition, salivation, vocalization, emesis, and tachypnoea were seen in some of these cats. No systemic effects were seen when the same animals received the same doses of lignocaine hydrochloride.
DISCUSSION
Because of the widespread use of epidural anaesthesia in man and an obvious lack of an experimental model of epidural anaesthesia in animals, a method involving the implantation of an epidural catheter was developed in cats. Typically, it was observed that appropriate doses of lignocaine hydrochloride or amethocaine hydrochloride produced flaccid hind limb paralysis and a blockade of the flexion reflex. While there are many obvious difficulties in attempting comparisons of animal and human data, there are some striking similarities between epidural anaesthesia in man and the present observations in cats. First, in the cat, when the total dose of lignocaine hydrochloride was increased by increasing either the volume or the concentration, it resulted in a decreased latency and an increased duration of the responses. Crawford (1964) has reported similar results from the epidural injection of local anaesthetic agents in man. Second, increasing the pH of the lignocaine solutions slightly shortened the onset and prolonged the duration of these responses as it does in man (Bromage et al., 1967) . Third, the potentiating effect of adrenaline on the duration of lignocaine-induced epidural anaesthesia in man (Lund, 1966) was also seen in the cat. Lastly, the distinct difference in the potency of lignocaine and amethocaine which is widely observed in man was also seen in the cat. Specifically, in man amethocaine produces satisfactory anaesthesia when given in concentrations of 0.15-0.25 per cent, while lignocaine is administered in concentrations of 1-2 per cent (Lund, 1966) . In cats 0.25 per cent amethocaine invariably caused hind limb paralysis and, in one case, blockade of the flexion reflex, whereas 2 per cent lignocaine was required to produce a similar effect.
Some further quantitative comparisons of the responses in the cat and man can be attempted. According to Lund (1966) 750 mg of lignocaine produces epidural analgesia in man with an average latency of 8-12 minutes and a duration of 90-210 minutes, while 7.5 mg of amethocaine produces the same effect with a latency of 20-30 minutes and a duration of 240-360 minutes. When corrected for differences in body weight, assuming 70 kg for man and 3 kg for cats, these doses of lignocaine and amethocaine correspond to approximately 11 and 1 mg/kg, respectively. In three groups of cats, 30 mg of lignocaine (approximately 10 mg/kg) resulted in hind limb paralysis with mean onset times of 2-3 minutes and mean durations of 36-44 minutes (tables n, HI, IV). In one group of cats amethocaine at a dose of 3.75 mg (approximately 1 mg/kg) produced the same paralysis with a mean onset time of 3.8 minutes and a mean duration of 119.4 minutes (table VII). Thus, with both lignocaine and amethocaine the latency and the duration of effect were shorter in the cat than in man.
The reasons for the shorter latency and duration in cats are not readily apparent but several possibilities merit comment. One of the first factors which might be considered responsible for these differences is the rate of drug administration. However, all injections in cats were made over a period of 50 seconds and similar injections in man are made over comparable periods of time (Crawford, 1964) . A more probable explanation might be that the physiological disposition of drugs following epidural injection in the cat is different from man. Such variability could explain both the more rapid onset and the shorter duration of the responses in cats. It is possible that latency primarily represents the time required for a drug to diffuse from the epidural space through the neural mass to the sites of action. Since the cat presents a smaller neural mass than man, drugs may reach these sites more quickly. Drugs might also be absorbed more rapidly into the systemic circulation in cats than in man, resulting in a shorter duration of action. In fact, the recovery of local anaesthetics from the blood following epidural administration appears to support this view. In man, maximum blood levels occur 15-20 minutes after the drug is given (Braid and Scott, 1966) , whereas in the cat the peak blood concentration is reached within 2 minutes (Camougis and Keenaghan, 1968, unpublished) .
A major complicating factor and probably an important reason for the differences between the observations in cats and man involves the criteria used in monitoring and evaluating the drug responses. These criteria or end-points are not identical in both species. In the cat, the most obvious effect is a loss of hind limb function and, after large doses of drugs, blockade of the flexion reflex. In man, the drug effects sought depend upon the clinical necessity and vary from sensory loss with relatively intact motor function to complete loss of both sensory and motor activity. It is therefore not surprising that the described responses in the cat and man differ quantitatively. Undoubtedly the comparison of drug effects in man and in cats would be simplified if the neurophysiological basis of the effects in cats could be more fully defined. In particular it would be useful to include some evaluations of superficial sensory function with the present evaluations of motor activity.
The inability to compare quantitatively the onset and duration of the responses to epidural anaesthesia in the cat with man and the lack of knowledge concerning the precise mechanism of action underlying the responses in the cat does not invalidate this experimental model. The similarities between epidural anaesthesia in man and in cats far outweigh the dissimilarities. The conclusion then appears to be justified that epidural anaesthesia in the cat is sufficiently similar to that observed in man to assure the usefulness of this model in the evaluation of new substances as epidural anaesthetic agents. Detailed neurophysiologic studies and further investigations into the physiologic disposition of drugs utilizing the cat preparation described should contribute greatly to the understanding of epidural anaesthesia and the search for better regional anaesthetics.
ANESTHESIE EPIDURALE EXPERIMENTALE AVEC LIGNOCAINE ET AMETHOCAINE CHEZ LE CHAT
SOMMAIRE
Les reactions typiques apres administration de lignocaine et amethocaine chez des chats avec sonde permanente dans l'espace epidural lombaire, sont une paralysie flasque des membres post&ieurs et un bloquage de la flexion reflexe. Les reactions a des injections periodiques de lignocaine persistent jusqu'a quatorze semaines apres l'intervention chirurgicale. Les effets de lignocaine sont plus prononces 1) lorsque la dose totale passe de 7,5 a 37,5 mg, 2) lorsque le pH de la solution injectee augmente de 3,4 a 7,5, et 3) en presence d'adrenaline 1:100 000. L'amethocaine est sensiblement plus puissante et plus toxique que la lignocaine. En depit de la difference existente entre les criteres utilises pour mesurer la reaction chez le chat et 1'homme, les auteurs concluent que l'anesthesie epidurale est remarquablement similaire dans les deux especes. 
EXPERIMENTELLE, EPIDURALE ANAAS-
